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1. Introduction 


The results of the research carried out under NASA Grant NAG9-108 in the time 
period May 1, 1985-April 30, 1994 have been published in refereed papers 
(Section 2), and presented at scientific conferences with published abstracts 
(Section 3). Also, a large number of invited lectures without published abstracts 
were given. They are listed in the previous individual annual reports for this grant 
and a listing is not repeated here. 

The very significant record of publications provides direct evidence of the 
productivity and accomplishments of the research program conducted under this 
grant. 

A copy of the 1993 paper by R. Prinn is appended to this final report since it has 
not previously been sent to NASA. 


2. Publications Supported in Whole or Part by NAG9-108 

1985: B. Fegley, Jr. and J.E. Post, A refractory inclusion in the Kaba CV3 chondrite: 
Some implications for the origin of spinel-rich objeccts in chondrites. Earth Planet. 
Sci. Lett., 75, 297-310. 

R. Prinn, The volcanoes and clouds of Venus, Scientific American, 252, 46-53. 

B. Fegley, Jr. and H. Palme, Evidence for oxidizing conditions in the solar nebula 
from Mo and W depletions in refractory inclusions in carbonaceous chondrites. 
Earth Planet. Sci. Lett., 72, 31 1-326. 

1986: B. Fegley, Jr., R. Prinn, H. Hartman, and H. Watkins, Chemical effects of large 
impacts on the Earth’s primitive atmosphere, Nature, 319, 305-307. 

A. S. Komacki and B. Fegley, Jr., The abundance and relative volatility of 
refractory trace elements in Allende Ca, Al-rich inclusions: Implications for 
chemical and physical processes in the solar nebula. Earth Planet. Sci. Lett., 79, 
217-234. 

1987: R. Prinn and B. Fegley, Jr., The atmospheres of Venus, Earth, and Mars: a critical 
comparison, Annual Rev. Earth Planet. Sci., 15, 171-212. 

R. Prinn and B. Fegley, Bolide impacts, acid rain, and biospheric traumas at the 
Cretaceous-Tertiary boundary. Earth Planet Sci. Lett., 83, 1-15. 

B. Fegley, Jr. and A.G.W. Cameron, A vaporization model for iron/silicate 
fractionation in the Mercury protoplanet. Earth Planet. Sci. Lett., 82, 207-222. 

1988: A.G.W. Cameron, B. Fegley, Jr., W. Benz, and W.L. Slattery, The strange 
density of Mercury: Theoretical considerations. In Mercury, eds. C. Chapman, F. 
Vilas, and M.S. Matthews, University of Arizona Press, Tucson, pp. 692-708. 

A. Rubin, B. Fegley, Jr., and R. Brett, Oxidation state in chondrites. In Meteorites 
and the Early Solar System (eds. J. Kerridge and M.S. Matthews, University of 
Arizona Press, Tucson), pp. 488-511. 

B. Fegley, Jr., Cosmochemical trends of volatile elements in the solar system. In 
Workshop on the Origins of Solar Systems (eds. J.A. Nuth and P. Sylvester, LPI 
Technical Report No. 88-04). 



1989: R. Prinn and B. Fegley, Jr., Solar nebula chemistry: origin of planetary, satellite, 
and cometary volatiles. In Planetary and Satellite Atmospheres: Origin and 
Evolution (eds. S. Atreya, J. Pollack, M. Matthews, Univ. of Arizona Press, 
Tucson), 78-136. 

R. Prinn and B. Fegley, Jr., Solar nebula chemistry: implications for volatiles in 
the solar system. In The Formation and Evolution of Planetary Systems (ed. H. 
Weaver, F. Paresee, L. Danly, Cambridge Univ. Press), 171-211. 

1990: R. Prinn, On neglect of non-linear momentum terms in solar nebula accretion disc 
models, Astrophys. J., 348, 725-729. 


1993: R. Prinn, Chemistry and evolution of gaseous circumstellar discs. In Protostars 
and Planets III (eds. E. Levy, J. Lunine, Univ. of Arizona Press), pp. 1005-1030. 

B. Fegley, Jr. and R. Prinn, Chemical reprocessing of the Earth’s present and 
primordial atmosphere by large impacts. In Interaction of the Solid Planet with the 
Atmosphere and Cliamte (ed. G. Visconti, Editrice Galileo Galilei/Gordon and 
Breach, Lausanne), in press. 


3. Invited Papers with Abstracts Supported in Whole or Part by NAG9-108 

1985: R. Prinn, Impacts, acid rain, and biospheric traumas. Trans. Amer. Geophys. 
Union, 66, 813. 

B. Fegley, Jr., R. Prinn, and H. Hartman, Chemical processing of the Earth’s 
earliest atmosphere by large impacts. Meteoritics, 20, 644-645. 

1986: A.S. Komacki and B. Fegley, Jr., Fractionated lithophile and siderophile refractory 
trace element patterns in CAIs: Implications for grain transport. 49th Meteoritical 
Society meeting, NY, NY, September 22-26, 1986. Abstract: Meteoritics, 21, 422- 
423. 

B. Fegley, Jr., Formation of dust grains in cool, stellar atmospheres: 
thermochemical kinetic models. 49th Meteoritical Society meeting, NY, NY, 
September 22-26, 1986. Abstract: Meteoritics, 21, 378. 

1987: B. Fegley, Jr. and R. Prinn, Chemical models of impact-generated atmospheres on 
the early Earth. Trans. Amer. Geophys. Union, 68, 1337. 

B. Fegley, Jr., Carbon chemistry and organic compound synthesis in the solar 
nebula. 50th Meteoritical Society meeting, Newcastle, England, July 20-24, 1987. 
Abstract: Meteoritics, 22, 378. 

1988: R. Prinn, After the fall: effects of large impacts on the atmosphere and biosphere. 
Amer. Assn. Advan. Sci., Publ. 87-30, 12-13. 

B. Fegley, Jr. and R. Prinn, Oxygen production by large impacts into the Earth’s 
early atmosphere. In Proceedings: Conference on the Origin of the Earth (Lunar 
and Planetary Institute Contribution No. 681, Houston), pp. 18-19. 



R. Prinn and B. Fegley, Jr., Chemical interactions between the present-day Martian 
atmosphere and surface minerals: implications for sample return. In Proceedings: 
Mars Sample Return Science Workshop (Lunar and Planetary Institute Technical 
Report 88-07, Houston), pp. 141. 

R. Prinn and B. Fegley, Jr., Biospheric traumas caused by large impacts and 
predicted relics in the sedimentary record. In Proceedings: Snowbird Conference 
on Global Catastrophes in Earth History (Lunar and Planetary Institute Contribution 
No. 673, Houston), pp. 145. 

R. Prinn and B. Fegley, Jr., Chemical interactions between the present-day Martian 
atmosphere and surface minerals. In METV Workshop on the Nature and 
Composition of Surface Units on Mars (Lunar and Planetary Institute Technical 
Report 88-05), pp. 105. 

1989: R. Prinn and B. Fegley, Jr., Atmosphere-surface interactions on Venus and Mars. 
Trans. Amer. Geophys. Union, 70, 387-388. 


R. Prinn, Solar nebula mixing and the origin of ice-rich satellites and comets. 
Bulletin Amer. Astron. Soc., 21, 914. 

1990: R. Prinn, Chemical state and evolution of protoplanetary discs. Invited paper at 
Conference on Protostars and Protoplanets III, Tucson, AZ, March 5-9, 1990. 
Abstract in: Protostars and Planets III, p. 19.. 

R. Prinn, Terrestrial environmental effects of large impacts: a review. Trans. 
Amer. Geophys. Union, 71, 1425-1426. 

R. Prinn, Biospheric traumas caused by large impacts. Invited paper, 28th 
COSPAR meeting, The Hague, The Netherlands, July, 1990. 

1991: R. Prinn, Planetary volatiles and atmospheres. Invited paper, Gordon Conference 
on the Origins of Solar Systems, New London, July, 1991. 

R. Prinn, Atmospheric and biospheric effects of large collisions over geologic time. 
Invited paper. International Conference on Near-Earth Asteroids, San Juan 
Capistrano, July, 1991. 

1994: R. Prinn, Planetary atmospheres: Three decades of exploration. Trans. Amer. 
Geophys. Union, 75, 51. 



Xj 

X) 

/•v 

w 

X 


O 

z 


> 

U3 

a 

z 

< 

> 


* 

s 

02 

< 

u 

U- 

H 

x 


to S 

« cc 

^ X2 

Ss 

u u 


Z c 

5 5 

o2 ^ 
0- ^ 

O t 

Q 3 

ri ^ 

< sj 
Z a 
O 3 
tc S 



-— s. 

CJ P rt 


ti c cs <j b 

-O 1> — X « 

0 X 3 ■- £ 

q, tj '-J C r; 

p w « ^8 w 

-ogi^co—^ 

£ £ o’-o o o £n 5 JS •£ 

g|S a =^ 5^-0 2 

*3 . -§ _ H >* WJ g C 

-O^'yocjbeP^ 

0/ 1> ^ to ■— C yi 

£ y * *c B v c 

^ocuCjr-SO 

3 - -g « ^ ^ o u 

■2 c e t> -g — - <u 

=5 n s - 


<l> 


0) 


u 


d £ ^ £ 1 5 - -S § 

t/i U 2 c v. — . s ' o ^ -2 

.a : Ert«dCgJ=gx>cWg-g3 

=3 C 3 “* O z-rZ'^ lij u o 3 O ^ 

| ffo c *-5 on .^SV £ v'|x fl 

1 .2 oo . f s « .= r r e = & ^6 .s |u § 

c gj c ^ ^r-3 x - 5-! .« _£ pi *Z m — S“ r 

r- P — « • <L) -3 CL> (D y ?3 

£ ^ b B ~ ^3 c c •- U F 

oo ^ uS c u ■- = 3 ^ E 

oj> c o 5 u .2 £ J3 7 cr Si o 

g> "■«— -3 at )3 O- •'* ?■* 

x -i F zz‘7> 

■— P. ~ rS 


iz aj 

3 v- 

2 b 

5 71 

o- u 


= a u 


* § 


.11 

C « 


§ ° O 
"J 3 i 
_ -- X C P 
rj "O ed p' 


5.-* 


; "3 

! C — 

l cd -X 


-6 X 
c/ 


' 7 : Si 
j£' Tj 

Cl to 
*3 £ 
c 3 


|u§ 
8. *5 


S3 .2 

tr qj 
i) u. 
iO U 


Z £ - 

^ 8J 

C JG 


F ^ 
c ,o 15 - 
S' ^ 

X F 

^ ■— i ■ — , (- - - 

gl z BllsiSl 


c £ 


c ^ ^2 

7 o x X c « - .S 

5 0 ." 3 1 £- =7 

>> _c u_x i>iX ^ Cl 

j_ .- O w tu' £ o 
p 3 U X -O £ -X — <U 


. „ . 3 

5 § Z ^ f 1 'o ii v « ■- 
s -g d. « § °"ja S-c 73 

A ^3 S' 3 /iX >,P^ 

«%-4 £■§ «.-^-22 

- a 5 3 ^ ^ £ 

* 


c 

1/5 (/) 

c - 

3 


.a 5 
c u 
o c 


D 


01) 3 

_ >. E 2 

y X> o 


u 


« 


. w ^ ,c f 
■o g gcr x 
u -* E — te - 

> <U vj . SL 

c u! ^ ® 

■= ">. S 3 •= J § 1 n S 

S ■“ E It : - ? * fc — 


S| » 

p U B § o 

^ .. J .1 i § 1 2 1 

o T3 y 7 ° ^ O 5 

“ ^ 3 X) U ,p 


U 

s e 

p Cu 

15 


■■Sj: 


|-2 § & S §•§ 
E § -g .2 S 5 S 
S _= Z i i £ v 


S« *C 

p 3 gj 


!L> 


0 u — 1 

« -3 S 1 ! 1 , _ 

aj w Ijr c i — 

1 = I I 2 $ •= s s 

e B o :e M u = 

3 E | |g s l £OB . 

S • g S > 3 ° X S 3 = o 

B^-B.cogS^e^-ooHaj 
O.*- o w o XS u '• *7 T3 .F c 
P 00 LO ’ b <L> 

5 -O -P 3 f; g -5 


=5 .5 


DXJ 


— -^5 rz r - m ^ ■ 

e^mee 


T3 -O J> 
G <L> F2 
3 T 3 w 


& o 


C /3 

3 

S c 

<D 

rt w 
&u x> 

QJ « 
r- ^ 

•5 j= 

U— i *^5 

O c 


o 

S « 


s s 

E c 
^ o 


.G 
« "O 
P j= 


Cl - 

% * 


C 
rt 

tt 

O 

. D- 

. E 

•— 


c « 

o X 


c 

8 




0/ 

X 

u 

<D 


V 

U> CJ 

° o 


> 

o 


S w 
5 c 

Q. 2 


_ D- 

^ S O 
E 


C3 - 

& C 

« § 


o w 


— » <u 
X 

0 w 

op u J 

If^. u 

rt c- o o 

^ - 5 G - 

1 H -2 I 

C "O rt 
3 u- C 


O X 
CJ - 


OXj 
X V 
T3 X 


rt 


<D 
> 

"F 

S x 


c X 

3 c/3 

u X 


<u 


Z 

o 

M 

H 

U 

Q 

O 

02 

H 

Z 


i2 x 

3 “ 


1) X <u 


I 1 

u rt 


E 

3 


rt 


c0 l> ’ — 
£' F/ ° 
cd O < "p 
X G F ° 
^ 54 fc 05 

^ 3 — is C § 

g u rt a. .2 -2 

*o ° 2 *2 ^ 

cO «-• o rr 


c 

dj 

i E 


to 

o 

o 



a 

z 

< 


</) 

S 

z 

< 



0 


> 

C 


> 

a) 

_ j 

‘c 

3 ■ 
X 


X 

— : 

CO 

k_ 

O 

0 

G 

t3 

c 

0 

LU 

0 

X 


Q) 

0 


3 

C 


LU 

o 



" D 



CO 

CO 

UJ 

cc 

CL 

< 

is 

N Q 


O 


CC 

< 

O 03 

W o 
CC 3 
LU |- 
> 


ZD 

LU 

X 

H 


PmGMMm MG£ BLANK NOT FUMED 




m 

do 


< 

-J 


UJ 

in 


— 

go 


LU 

00 

< 

a 


>- ^ 

(V w 

H 
x 

uj 
X 
r o 


oj 

i_ 

CL 


5 £ 

OJ 


'•* f— 

X V c 5 

^ OXj w 

o 


_ oj ' oj 

£ S -5 


x, u 

X CD 

s ~ 

Wj 

> E 

'i~ - 

$J " 


A 

_ o 

5 o 1 £ i ‘i I 

a g- 3» ^ ■§ £* sp c 
= s -I 1 o 7 ■= ! 

.' u '3 « u o .c « 

■ <u 


A 


o x -a 

x L - 


M 5 5 


c 

b y 

X CD 

^ 7 

a G 

x ‘Z 


cd 

9 Gl A 
*— u 

O X OJ 


rt — 

= O 

OJ <-* 



CD 

■£ w 

•a •£ £ 


I 


G rt 

S c 

■— y 

x 


CL 

C3 


_QJ 

X ” G ^ . CD 

3 u c o 5 ^ 

W cl^ " 


X 

X 


OJ 


X 

c 

3 


v» —■ a 

O § X 

9- 9 ? o 



o ^ 


CL 

5 


OJ U = 50 

cd x ojj 2r oj 

■- n r- 9 ~ 


-i— i rs 

£ M 


e .s 

cd oj 

c x 

OJ c 

s 


c 

e O •- 
c £ 01. 

d H 
o 


W> 9 

CD OJ 


3) 

C 

3 

o 

A 

3 

_o 

X 

G 

rt 

OJ 

u, 

rt 

OJ) 

o 

CD 

A 

yu 

CD 

C 

rt 

ium 

a- 

" u 

X 

E 

£ 

X 

X 

X 

E 

o 

CD 

rt 

OJ 

3 


c 

G 

OJ 

> 

O 

X OJ 
CL X 

X 

c 

rt 

rt 

CJ 

CD 

3 

X 

p 

G 

OO 

G 

‘E 

OJ 

CD 

c 

OJ 

V-4 

OJj 

OJj 

X 

c 

rt 

c 

c 

o 

OJ 

c 

G 

rt 

X 

Z 

OJ 

X 

O 

A 

o 



e | 3 o-| “* I 25 Kfe-2 


S OJ 

X 


3 

X 

5 

x 

< 


a -> 
o _ 

S 5 

c !g 

OJ A 

H 2 
oj CL 


C5 

< 

H 


t 

o 

CJ 


X 

o 

OJ 

> 

£ 

OJ 

O' 


3 

os 


U 



-t 

-r 


1/-J 

•A, 

VA, 

•A, 


X 

C 

1 

| 

i 

1 

1 

t 

| 

1 

33 

OJ 

OJ 

o 



01 


o 

o 

o 

rt 

X 

OJ) 









A 

G 

X 

X 

X 

X 

X 

X 

X 

X 

X 

OJ 


o 

OC 

LTi 

cr, 

X 

r- 

Cn| 

r- 

X 

X 

C 

A 

r^ ( 

m 

X 

X 

X 

m 

r- 

r- 

< 

rt 

X 

OJ 

— ' 

00 


* — 1 

r-’ 


X 

rd 

C*- 

O -L 

X 

o 

Cl 

OJ 

CD 

X 


! I 1 I I I I 

oooooooo 

xxxxxxxx 

i/~, 

cr, r- rf r^- x O t — 

O — 1 — cm tj- r| , — ; ’rt ; sO 

- O - h oi r i h € r^i 


r t 4> L> Xr ._h (1) 

XXOUZZSc oUloo 


_od > , 
<U c? 

■s £ 

txO L> 

C -C 


o s 

S* “> 


> .d 


c 

X 

o 73 

Sc, jy 

X c 
> o 
< -° 
5 S3 

e*^ 

QJ O 
^ C/5 


a> oc 
« 2 
E - 
x c 

V3 O 
a; »~ 
OJ 

gi 

«U 

§ 1 
X) 

rt ■ — - 
O 
y oc 


E u u 


O 
X 
<L> 

G 
u rt 


CD 

E 

<u 


rt 

3 

X 

<u 

G 

o 

X 

v-, 

rt 

o 


O X 


X L> 

f2 a 


y t: 

G rt 

Qj Cl 


v h 

QJ t/5 

u E 


2 o 

OO 
CJj on 
C — 

^ c 
8-i 

o ^ 
u ^ 

C/5 rt 
* C/5 

CL C 

3 > 
_ U 
X i 
c Xi 

L> 

t/5 

C 1) 
rt a 
cj c 

E x 

ou § 

O « 


2 5 

ou H 
X C 

S 

^ y 

§ ^ 

X 

■*T3 5* 

.£ 5 

u X 

3 

x w 

v rt 

« o 


s c j y 

"2 ■§ “ «« 
• — C X ^ 
t/> 3 9 rt 

rt X rt _ 

^ rt ^ X 

c cr ° t 

o *- oc 5 

X ^ ON 
(D — 


a 

_ X 
w > 


.5 

X 

X 

X 

c 

rt 


c O 

rt 


U= 


CL) 

£ = J 


O/J 

C 

12 

rt 

E 


x £ 

C 3 

rt *C 

« rE 

c X 
o 3 
X O' 
rt w 

L> x 

E 5 

X *G 
G 

X o 
X -g 

g g 

CD £ 

•tS o 
X X 

x - 

rt c 
3 
CU 

w G 

c o 

rt X 
X rt 

9 P 


_rt O CJj 


3 

- J=1 
G <d 
<D C 
W) 

>» b 
x -E 
o o 

- I 

>, 3 


O X 

E x 

*sJ 

cfl 3 

C E 

O ^ 

x — 

l-H ^4 

rt X 
L> 3 


<D 


.3 V 


<U 

> £ 
c S 
o . 

U c ^ ^ 


rt 


rt 

<D « — 
oij x 


(D 


o rt 

£ y 


c 

c 


t- X o X 


c X3 
D ■ 9 
> >< 
D O 


CcC 

CL 

d 

a 

x 

< 

o 


x 

s 


j? 

o 

C/5 

6 

3 


o 

X 


c 

o 


c 

rt 
1— 

t/: 

C 

o 

o 
X 

c 

rt 

<D 

!— 

3 

tj CA 

E 1 

- ^ 

^ £ 

ir. *— 

T3 

^ CA 

c *o 


CA c 

3 O o 

5 ^ 

<x x sj 

__. (A 3 

^ E « 

^ «D *tr 

I- X 

OJ CD XT 


**“» C t/J 
4j •— X 

GiJ c *3 
- l o “ 


CL X 

OJ c 

rt 

C 

rG ■ r 

X 

CD 

rt 

C 

2 CL 
OJ w 

A 

_o 

"X A 

X 

A 

rl 

L*S 

,o 

o 

CL 

> OJ 


X -9 

CA 

T3 3 

§ i 

o 


OJ 


c 

o 

CD 

*rt 

a 

u 

c 


w- E 


C 

o 


5 E 
X o 

CA O 


<D 

X 


o 

OJj 

CD 

A 

G 

OJ 

’rt 

O 

’c 

CL 

A 

OJ) 

c 

OJ 

u. 

X, 

U, 

rt 

OJ 

OJ 

O 

E 

c 

3, 

X 

A 

OJ 

< 


§ = 

H 2^ £> 

rt w rt 

X CA 

rt _ CA 

X D 

"* CJ CD 


rt 


flj 


.9* JS 

CD [A 

.E x 


W_ 

o 

<u 

c 

CL 

rt 


rt 

rt 

c/j 

OJ 

u 

*o 

C 

QD 

r- 1 

E 

E 

3 

X 

OJ 

c 

OJ 

A 

9 

>> 

L- 

X 

OJ 

A 

£ 
^ * < 

E 

’CD 

1— 

o 

OJ) 

OJ 

X 

3 

E 

u 

A 

r- 

CD 

CD 

X 

X 

o 

OJ 

OJ 

X 

G 

c 

o 

X 

o 

Id 

OJ 

c 

rt 

E 

3 

o 

X 


OJ 

L* 

o 

1 u! 

A 

X 

ON 

OO 

O 

A 

c 

rt 


E 

rt 

OJ) 

L— 

ON 


oj G 
CL D 
<D >- 

5- t) 
<D X 
X ^ 

1 1 
— rt 
X X 

^ §• 
(D 
X 


CL 

rt 

rt 

CL 

O 

5 

CD 

CA 

3 


O 

OO 

On 


CJ 

H. 

rt 


rt < 


c 

o 


-a 

§ 


rt 

oh 


CD 

-DS 

CA 

X 


OiJ 

c 


Dij 

(D 

UL 

X 

C 

rt 

c 
c 
’ C 
Cl 

• E 
o 


X 

s 


w> 

c 


(D 

(D 

o 

CL 

OJ 


X 

o 

o 

> 

a/ 

x 

c 

rt 

X 

L> 


5 

LL 

A 

X 


X 

D 

CA 

CA 

<U 

CD 

o 

CL 

O 


G 

O 

O 

OJ) 

c 


!D 

X 

LL 


o 

X 


X 

c 


— rt 
CD &Jj 


(D O 
A 55 

I- c 

y § 

C CD 


O C 
3 3 

x co 

C5 i 

cx o 
° o 
a, 
x <d 

OJj 

x 


.3 S 

■§ i 

1 E 

X 3 

C \j 

QJ ■ ^ U- 

X CD 


rt 

. CA 

£ x 


c 

rt 

x 


Oii 

C 


CD 22 LL 
4> £ O 

5 g > 

cij d 2 

.E £ 

cA 


o 

k_ 

CL 


rt lO 

*E 6 

rt b 

a, £ 

w CL 

CA 

rt <l> 

v ~ 


y. 3 cj 


3 
rt x 
CD 


CD 

X 


y a 
.£ x 


3 
X 

E S •£ 

(U 3 <d 

X ^ X 

l> x r 


rt 

. 

X «T 

^ sc 
^ u 

u _ 

C4- G 

o 

. . X 
2 2 
X _ 

M o 

c ^ 

rt 

z 4 


X 

1 

o 

u 

X 

c 

rt 

n 

z 

c 

X 

o 


X 

a> 

3 


3 _>• 

o 

CD 


o •= 


C C CD 


H 


G CA 

00 < 


X G 
w w CD 

rt G ‘ G 

CD G 
aj c (D 

Hi 

E | 

3 «i 

c f— 


O G 
G 1 


I— -k- — CD 

E .y > « •= 


G 

G 

OJ) 


G 

QD bij 


s. 

■A 
OD 
CD 

o 
C- c 
9 


^ E 

f— = 


G 
CD 

S y 

x “ 

U CJ 

.E H 


£ 

OJ 

CA 

X 

CA 

X 

G 


7' 

£ .22 
CL X 

<LJ _rt 

«* s 

E 

3 


E 

3 

CD 


~ .b x 


o 


o 

C D 

1! 

- 1 
x ^ 


E 

3 


C 

D G 


E 

3 

CD 

CD 

<D 


X 

0) 


>- .s 

u X- 

c y 

X . rt 

ca X CD 

x .S3 S 

X CA 


A 

X 


rt CD 


r ^ 

£ E 

^ U 

X — 
o b 

C 5 

£ £ 

s z 

c •£ 

^ f" 

OJ) ^ 

o c 


X’ 5/5 

-G ^ 

y 

x u 

aj G 

E CD 

f § 

- CL 

cA c 

y g 

g r 
x o 
* s E 

o 3 

c -9 

C CD 

■g .s 


x I O 

ia h ™ 
x g ^ 
^ b ^ 
g o x 

I JS 5 
1-S 2 

C X 4 
rt <d 

I I k 

•p £ o 

c CA U 

3 OD 
U LG : 

.9 V cjj 

C -2 2 

i J .2 

rt 


OJ 

X 


> -2 

E o 

3 w 

CD X 
.b rt 
a cd 


O 

CD 

X 

CA 

X 

_rt 

O 


X 

OJ 


X 

c 


o 

X 


OJj 9 


A 


X = 

a. -9 
b 73 

o rt 

> © 
A 


s.|i 

“ o 

.S g.? 


<D CD 

X 

*-» A 

L— i 3 

O O 
0 OJ 

y a 
X rt 

g ^ 

C OJ 
OJj X 
rt 


OJ 


s § 

A * — 

.y E 

X Cl 


LO CD 
3 9a 
OJ j Zt 3 
4) b 3 

oi x h 

r- oc 


x x 

CD , 


X u. 
Z 3 
X .— 

rt C 


G ^ 

3 ■g 
■a 3 

OJ CD 


X X; 


u ’' X 

1-s s. 

|SK 

CD 


a rt w 


X' X 


X 

OJ 

o 

> 

OJ 

OJ) 


OJ 


3 C 

S *tA 
X A 
rt oj 

rt 5 

x ^ 


o 

IS 

X 

c 

u 

OJ 

c 


OJ 

> 

o 

X 

rt 

OJ 


X 


A 

c 

o 

u 

OJ 

A 

OJ 

> 

X 

OJ 

rt 

OJ 


i¥ : f 

•g .. o 

G CA <L> 
E* X X 

S o w 

O ^ r 
u OJ 5 

rt § 

O X SJ 

G C x 

rt rt c 

^ ^ 2 
oj y x 
A .3 OJ 

C x 
OJ G 


OJ 


OJ 


*-> 

X 

CD 


rt o 

OJ 

3 

x 

X 

2 CD 

IS! 

X 

OJ 

p 

*rt 

OJ . 

c X 

*rt 

c 


CD 

rt O 

OJ 

rt 

A 

OJ 

E 

®-.s 

V 

oh 

o 

1 — 1 

A 

5 

x o 

CD 

A 

A 

OJ 

CD 

"u 

c • ~ 

rt -- 


E 

o 

A 

u' ^ 


rt 

D 

u- 

OJ 


3 

CD 


3 

o 

OJ 

S3 

OJj 


M F 


OJ OJ 

3 9 

G r- p -1 

-G 

OJ C CL 

rt - 

ri x: 3 

CD a 

.d X 15 
^ rt u 


X c 

^ OJ 
rt « 
CD ^ 


OJ 

A 

X 

X 

rt 


c. 


H-Ct, E ^ 


^ L? ^ 

X c OJ 

IX - OJ G 

X G r* 

CD C w 

.ill If 

X OJ p c C G 
D X > C OJ 3 
G CD X CD X 'X 


OJ 

C X 



CHEMISTRY OF GASEOUS C1RCUMSTELLAR DISKS 1009 


3 

y 

c 


o 

UL 


n 

£ 


^ c 
© ■ — 

■H X 

y <C 

's&Sfc 


© 

o 


~3 

c 

3 




3 

3 

Ti- 

T 

L-> 

O' 

V 

Cl 

ll 

DD 

1 


p 

© 


X 

CL 

— 

3 

© 

P 

Tf 

>< 

© 


X 

y 

>> 

© 

X 

Z 


LX 


5 

© 

y 

uT 

l 


X 

3 

o 

y 


£ 


o 

o 


o 

y 

£ 


a. 

3 


X 

c<0 

£ 


3 

© 

5 

■S- 


V 

3 

D 

X 

< 

© 

X 

■ © 
c © 

3 3 

< 


rj 

X 3 

3 




3 -O 

3 

DO 

ii 

3 

3 


• 

II 

© 

C X 


P ^ hi 



3 

T3 

CL 


© 

3 

© 


X 

DO 


© 

c 

X 


3 

> 

r- 

* 

© 

< 

© 

© 

8! 


— 

£ 

T 

00 


© 


3 

C 


© 

"3 

I >» 
00 


X v *- — , 

^ X ^ CL) — 


DO 

x jS 

y -1 

a £ 
1 w 

?_§ 
w 3 
> 


X 

< 

V 

V 

ac 

c 

© 

05 


© C-3 

> 


y 2 

§ i 

u a. 

or w 

3 3 


3 

E 

N 

» *0 

CQ 


■ < 


J2 

o 

y 

-3 

© 

y 

© 

u. 

CL 

© 


X CL) 

DO 

^ l— 

u. rt 

£ >, 
' U-, 

r <D 

kj > 


© ^ 


© p 

3 a. 

n> © 

^ X 

>v — 

■- x 
> © 
x 3 
© © 

I ^ 

3 

i— i,) 

"2 ^ 

y 


X 

uo 


c 

x 
© 
c 
© 

1 a* 


; t s 

© ”3 

> 

y 

X © 
.3 O 
£ © 


< 

3 X 

*° < 

© 


« © 
2 © 
^ Q. 

5 2 

© x 
£ 2 
« ^ 
LB • 

O X 

■g < 

U, , 

■a A 

3 

£ Q£ 

3 

3 

00 

i 

o 

o 

u. 

Cl 


— CL ~ 

II % ~ 

a: n tt - 

a -a 1 

on a ^ 
“ ® a; 
© -c 52 
c 2 
© .2 *3 

*- e 


a § 
w © 
Qu 5 

H c 
2 w> 


j© 

x 

Vo 

© 

3 

© 

I— 

3 


X) © 

n. X 

< 3 

O C 

— c 

A I O 

QC © 


*o 
© 
x 

u. 

© 
y © 


Q. * g 
© 


§ .2 
© > 
3: 3 

r3 i— 

c — 

00 3 

y »- 

3 

ar o 

© y 
> © 


y © 

3 "O 

2 >. 

5 « 

CL 


© c3 


S *P = 

|l 5 

I g c 
| .1 -2 
y; "O 
2 C 
r3 

^ y) 
C C 

© o 

w U 

2 2 
C3 © 

© — 

© 


•is © 

w- 

.2' £ 

« § 
g-° 


S JS 

E S 


« o 

3 

© o 
u ll 

3 ^ 

X) 

D 3 

< *s 


© 

DO 


!ft S i 

0) 3 CT3 

u. xz -3 

3-g 
e« >> ^ 


I s 

I I 


4 ^ 


a 


yi 


c -x 

E 2 •£ 

*3 c3 "O 
§• ^ © 
© © X 


^ © 


8 2 


« “O 

"g 2 
2 « 
P © 

U l— 

© ■-<- 

xz r 


.3 N 


^ ■ — 
rt ^ c 

n ^ S3 


C w 

O i— i 

X © 

3 X 


E B 

© UO 


o 

n __, 

X < 


■r 


>1 c 

DO ed 

*— i 

c o 

© CL 

«.i 

£ © 
E t— 
© O 

•S E 


2^ 

„ o 

| S 

o 2 

CL 


3 o 

J3 

© >. 

DO >- 

i— < © 

jd > 

. © 
t ■£ 
© 

> c 


c 

-_ © 

-E « 

©' T3 

Ui © 

a « 

x =3 
*© 

^ 2 

Cl 


^ w 13 


3 

V 

© 

£ 

© 

© 

C/5 

© 

& 

3 


E T3 
© - 
5 .£ 

3 73 
« « 
^ 3 

u E 
© © 


y 

— ' © 

CL 

3 

y 

3 

3 

If 

5 u 

y 

© 

3 

y 

© 

© 

y 

3 

X 

i— 

DO 

U 

o 

o 

X 

3 

E 

DO 

■S o 

O 

Uh 

o 

CL 



.§ =3 


C 

3 > 


O 

33 X 


® ■§ 

S J 

CL CQ 


>, . 
• — ' yj 

o c 


g - 

— o 


2 So 

J J8 e 

CL CQ CL 


3 

© 
3 © 

© y. 


•= a ts 

4 i ‘S 


3 

- e2 
-8 H 

g E 
,o o 


DO 

© 

CL 


rt 
© 

Li V3 

o 2 
o 2 

X CL 
a- cd 

^ ’3 
X O 


3 — X © O 
. cd 3 X •- *-■ 


_ © 

©| 

y) > 

x « 

3 ^ 

© 3 

3 


3 

.2 

Vo 

© 


C 
.2 
3 

& 
© 
C A 

X 

o 

y 

3 
X 

H 
! jo 

© cd 

2 ^ 
« © 


E c 
© © 

© 3 

2 © 

i -s 

CL _C 

O c 

LL rt 
© £ 
© u- 

^ -3 

-C s 


c 

■fc 


yj a c 
3 © 3 

‘E DO ° 
3 © X 

3 lL O 
DO *0 X 

c E ^ 


•x 

3 c OJL 

a § .s 

^ 'C w 
jy fv 3 
© * « 
O J - 
JC -o ^ 
^ >, © 

© 


© L* 
© y 

^ "C 

a u 

otl 

•2 c 
o’ ■S 
|> 2 

^4 


y 

3 P © 
3 X 


- 3 

© 3 

> 


© 

X 

3 

T3 

© 


o- XT 

TD *y 
© 3 

Jp © 


© 

Cl 

E 


•x c 

3 
© 

E 


c 

- ^ 

O •£ 
© , 


o 

3 

y 

3 

£ 


>> y 
00 X 
l. 3D 
© 

3 


X © 
© X 

l— 1— 

JXL 3 
© X 

O X 
X X 

y c 

0 2 

1 g 

do r: 

3 ©^ 

DC V 


© 

x 

>< 


2 •§ 


Cl O . 

s s & 

C y *U 


* c ^ 

^ J ^ 

H © os 


.2 

'C 

IX 


X 

3 


3 v — - 


3 

C 

U 


o' 

CL 

d 

Q 

X 

< 

z 

o 

QS 


4> 

6 

'S 


o 

3 

3 

X 

© 

O 


>, 

X 


JU 

X 


C .2 
© X 
•o 3 
C *“ 
O © 

“ a 

X © 

*2 xz 


& 3 

1 M. 

3 O 


f.Q 

33 C/5 


> U 
o — 1 


© 

.2 w 

^ O 

^ r I 

X 

y © 

3 X 
© — 
X5 t*- 

X f 
— © 
y i 

© c 
© © 
C5 u 

3 y 


© © 
© 

y © 

•- X 

•2 5, 

3 E 

i e 
n c 

CL 

“ © 


3 

O 


T3 O 

S t: 

o ^ 

rM 

X fN 

o ^ 
u - 

3 


cr «> 
-06 

o—c 
r-; U - 
• — ' © 
y — > 


^ 5 ; 
u “ 


3 O0 
3 

I J 

^ y 
C X 


_ 

^ => § a 

u 1 

© 

H 


OS 


O “O 
vC 


X ff 


o- § 
© 2 
X 00 

X 1 

.22 3 
-a — 

a S 

3 O' 


Di 3 

^ ? 
DO ^ 
3 L 

£ V 

3 V 


3 

X 

P 

ri 

3* 


X ^ 

c | J 

D/j — - 

S' + 

© nr 

© t/^ 

-5 

o O 

•x X 

O 


? s 


a J 

D/> X 


-2 o 

rs X 


u 


2 ■« 'g £ 

y 5 u- (3 

3 O n r © 
3 o. 3 X 

U 3 y 

*© © o 

C © © 

3 r ■» U, 
n 

X 1 n# 

S .E 2 ra 


U-J 

s o >. 

§ DO x 


o 

X 

o 

tl 

O 

U 


u 

3 

© 


.2 2 S 
§ , a 

Wt> y 

i- £ 

o' — ' n 

2 ^tN 

3 00 V 

j2° 

CC * * ii 

u : io 

, 2 \7) U 

X 21 £ 
i> 9, 8 
u £ &. 

m 

t 3 X 
.ts © 3 

© £ rt 

^ . o 

E 9 T x 
© o o 
, ^ -2 II 

-3 — 

.©^O 

,X> r, C 


_ 3 

3 

3 

X 

c 

Vb 

© 


U FT 


x 

o 

HI 

o 

u 


^ 5 


,o © 

k— 

o 


,0 
3 

E n 


— tl 


n '© © 


r- 

ri o 

II II 


3X0 

1 H 

0 3 .- 


— .— .s 


_© 

X 

£ 

3 

> 

3 

u« 

© 

3 


3 O 
'E >, 

© x 


CL © 
© © 


© 3 

x J2 


— DO "2 ~ 

° .s £ o 


o -3 

.i 1 « 
M & 

2 2 

r) © 

3 3 

U 'Jc 
. © 


f— © 

3 ’ 

U 3 
3 


y O 

3 ^ 
3 tX 
O 

E ^ 

2 *o 


5 > 

y 

V 

V 


C 'X 

© © 

© © 
o © 

3 rt 


ii 

DO 3 

© * ^ 
or 2 fi 


© © 

3 ‘E 

£ £ 

o 9 

Id ^ 

.2 3 

v a ^ u 

Ii 

8.1 


S ' 

0 © 

Jc ^ s 

a- t 
u o 

1 8“ 
« E A 

Q © X 

U V-c -7 
© ^ Z 
3 rj © 

£ Z 

- « D 
.2 

*- © 

y © 
r- -2 O- 
■= 3 5/5 

a ^ T3 

2 V C 


CL 

3 

C 

2 

X 

3 

3 

3 

C 

© 

3 

X 

3 

E 

3 

CL 

DO X 

© 

3 

3 

X 

• ,T 


y 

© 

* — 

O 

y 

y 

a. 

y 

3 

© 

© 

O 

— 

o 

E 

© 

— 


© 

3 

CL 

© 


C la 
© © 

I ^ 

E 3 

3 x 

a a 

y 1/1 

W *0 

■S -3 

X > 

e E 

B 3 

§ £ 
X ^ 


3 

Vo 


3 


-5 £ 


c 2 
© — 
oo .2 

3 v- 
*3 © 

C/5 ^ 

O. 3 
_E 3 


DO 


DO . 

X o 

^ *3 

y _ 

£ iz; 

£ © 

-5 u- 


y ^ 
"O — 
2 © 


IZ o 

T3 P 

w 

J= X 
. © 
© 3 

J 2 
§• 2 
& 

, X 
DO O 


X 

x 

6 

u 


o >, ^ 

P 3 O 

2. n>r- 


3 3 


© — 
3 DO 
2 © 
E x 


O Jr .2 

2 a O- 

© 3 >< 

E £i w 

C DO td 
ni — 
3 3 


. 3 

© X 

'^5 Q— » 


Sis’ 

■g s s 

« Ml S 

© u 2 

M ”P CL 

v © 

c - .> 

2 a | 

°n B S 

r- 3 _ 
O y 2 


E 

O S 
y © 


CL 

X 

© * 

3 ■ 


fi © 

x E 


3 u 
3 © 
DO 3 
O 


73 

E 

© 

3 


5 ■© 

y o 


3 

© Tv 
x .ii 


© 

3 

© 

OS 

73 

© 


© 

"O 

3 


© 
"O 
3 
3 
O X 
y ■— • 

© T3 
CL 3 
>, 3 
X yr; 
L— © 
O DO 
«— u. 
© 3 

3 X 
CL © 
£ ■ 


- © © y -a 
c o^ C o5 

o -o % ■= = 

g © 3 a P 

T 3 3 

CL -c © © ■— 

w p 3 y 

^ — c 

3 o 


C 

DO •- 


© 


© © 


3 

o 

T 

3 

© 

X 

< 

vO 

3 

CL 

E 

E 

© 

X 

^y 

"c 

f 3 

y 

3 

© 

DO 

X 

V 

o 

© 

o 

© 

© 

> 

2 

c/5 

O 

T 

© 

w 

‘C 

y 

X 

© 

> 

© 


X 

■ ™ 

CL 

CL 

y 

3 

o 



.3 -O 

o 


TD 

3 

3 


-a E 

© 

X 

>v 

3 

X 

fc 

2 

© 

'e 

© 

3 

3 X 
3 3 

j>P 

E 

3 

X 

3 

o 

© 

X 

X 

DO 

© 3 
CL O 

X 

3 

i 

2 

o 

CL 

© 

© 

A) 

.E 


o J« 


>> * 
DO 


- c ^ 
© 
X 


3 

T V 

u © 

2 X 

3 3 

3 CL 


E 

© 

x 

U 

L. 

£ 

DO 

L 

© 

3 

UJ 


0-5-5 
© O h 
2 >v o 


DO 3 
*3 


y (/; 


3 


«* § 

1 = 

DO ^ 

— .22 E 


y 


^ T 
© o 

X 


3 

© w 

;! i 


3 > 

O 

73 CZ 
C/3 <t-i 

3 ° 

O © 


. . . rt 

© V" > 

3 © 

5 . o -2 x 
“• *-= DO w 
© 3 

o 


"O 
DO « 
3 «- 


O © 
© 

DO > 




© 


>V 3 

3 X) 

© E 3 

© c : — 

' E 3 
3 CL, > 
E ^ 3 

o >■» 


■o 

3 

3 


_ X'-^ 

y T 
© © 


3 © X cd 


3 % 3 
© 
o 

y 
y 

3 


c © 

3 y 


y 
© 

^ x 

y 3 
3 X 


o "2 

i- C 
Cl 3 


CL X 
T3 


r- y 
C < 



RONALD G. PRINN CHEMISTRY OF GASEOUS CIRC'UMSTELLAR DISKS 






CHEMISTRY OF GASEOUS CIRCUMSTELLAR DISKS 1013 



X 

+ 

CO 

CD 

uu 


+ 

UL 


' 4J 

g H£ 

l- — 1 

C/3 

CD D 

T3 rs 

3 X 
3 O 


•- -a 
p c 
, rt 

o 

c ^ 

3 C 

*o 

D 5 


B- 

D 


-r D r* 


D 

£ 

C 


u 

CD 


5 3 

3 S x 

^ « w 

CX*0 o 
E 


D 

X 


3 

O 

O 

o 


= J 

D -O 


— (N 


O X 


O 

GJj 

s 

+ 

x 

o 


CO 

CJj 

S 

II 

o 


+ 

T 

o 

CO 

rj 

OD 

S 

cj 


X 

o 


X 

o 


co 

c£ 

S 

II 

O 

c* 

X 

ri 

+ 

O' 

c/5 

u> 

rr 


D O 
* ■§ 
* E 

^ jj 

vO 

— P 

o _E 

co £ 

D DC 


E E 

3 _3 

U< Ui 

X x 


3 

O 
a 
c 

on T3 


DU 

C 


3 

3 


c 

on 

cr 

_o 

E 

D 

X 

>< 

D 

3 

5 

£ 

u. 

o 

u 

*o 

*3 

' C 

D 

D 

_o^ 

3' 

E 

X 

*n 

5 P 

■3- 

D 


H c £ 
y -a 


D 

3 ?> 


r p 


'O 

D 


"O _ 
>, D 
X T3 


O E 
>, u 
.3 Cij 

g - 

o 


c 

o 

3 '5 ■§ 

cr cr § 

D D g 

c .5 ^ 

z 9 S 

*T O t/j 

g on 
D 

£ * 

^ D 

o cA 

ii 

D PC 

x "5 

« t « 

w x 

t £ u . 9, 
« z © = 
D X • 

y . jj 
— ^ X 
X u 

2 D 

D D c5 


DU 


D 

3 _ 

g t/3 
D ^ 
CD ,r 


ci u 2 

D -Q 
D > J. 
on £ 3 * 

D O X 

x — S 

~ J5- 

D D 

3 •== I 

3 O E 

GJ <N U 

03 £ cx) 


P 
d £ 

D 

1 - "Q 

£ p 
£ O 
C w 

g 

SJ 33 


o 

.5 


2 -£ 

T3 P3 

d £> 
x S 


| | < 

3 2 P 

■s 8. 1 

P E S 
‘E £ u 

DJj _ ^ 

3 ,E OJ 

D ^ ^ 

N «. 

• — Oij 

£ c m 

2 3 w on 

■s J= y >. 

5- o ^ K 

E p ^ 2 
S. 


D 

E 


D 

D 

Bt 


D 


D 

> 

E 

D 


«2 E 


3 

U 

X) 


X 

CD 


D3 — ^3 X 

c ^ ° 

D 3 'P ^ 

3 E t '? 

C . U w 
O g -C r 

° o o E 
*2 ’E p x 
« u g y 

a c -s “ 

DU g ^ g 

(L> D P 3 C 

X - ■ 


O X 


es as 

es as 

0 

VD 

0 

X 

3 

D 

X 

D 

3 

on 

_3 

X 

on 

on 

D 



on 

D 

3 

3 

u. 

0 

0*—. 

D 

on 

D 

-O 

D 

-a 

3 

CD 

X 

O 

on 

X 

on 

3 

C 

O 

c* 

C i 

0 

0 

the 


CJ 

5 

-a 

s • 

D 

on 

O 


2 

s 

5 

CD 

d 

Q 

< 

2 

o 

OC 


{x) 3 aruva 3 dW 3 i / ¥ o\ 


*n o uo O *n 

— — ro < M 



2 

2 


c 

"O 


X 

2 


Dl> 

X 


r j 
+ 
2 
U 
X 


X 

ro 

+ 

z' 

4" 

O 

u 


X 

co 

+ 


u 

r j 


rj 

+ 

x J 

r < 

u 


+ 

o 

u 


X 

+ 


X 

u 

r4 


r I 

+ 

vC 

X 

r I 

u 

II 

X J 

+ 

o 

u 

r i 


£^1 

U u> s 

. d c« 

Z 3 

y d 

X Pu > 


3 

3 

O 


CJj 

X 

>> 

D 

.E 

On* 

> 

jg 

OC 

3 

D 

cr- 



>% 

3 

3 

*s 

D 

3 


OJj 

D 

UD 


-O 

VI rt 

K r- 


3 

-g 

3 

sO 


Z u- 

x : O 

Efj DJj o 

«" D X 


3 

3 

O' 


3 

X 


£ 

•=6 
5 ^ 


1 S 

- U. 


ft X D 
U o 3 ; 

-E _E ^p 

.i f § 

° O ft 

C D P 

•- LD 


O 

D 

X 


x 


D 


.E 
9t > 

qL "5 
X 7" 


X' D gj 


X 

3 


3 

o 

X 

>> 

X 

c 

3 

c 


r-3 5 

2 * ^ 
n C ^ 

^ QJ _ 

D iT C 

ill 


>< 

D O 


3 

3 


_ - c 

D 3 


D 2 X 


3 


X D 

— 0 ) 


^ O 03 

J 1 5! 

3 3 3 


r j .3 
"t X . 
O D= 

II 3 . 

< — cr 

o ° 

— - CJ 

X _c ■ 

U H ; 


g ^ < 


Dij Vj X 
D D 

2 s 2 

x o 


D 

D 

CD 


3 

D 


D 

LD 


D > 
3 a 
D _ 

>c x 

o 3 

u, 3 


CD 

D 


LL 

II 

o 


on 3 aruvH 3 dW 3 i 





RONALDO. PRINN CHEMISTRY OF GASEOUS C1RCUMSTELLAR DISKS 1015 


-P rti 5/5 *5 


§ .2 

S' S 

i~ a 

- x 

X c 

.a § 

<-> 

* K 

c *o 
■- c 

y a 


04) 73 3 

c a 

O 5 W 

i. X 

—• nfi — 


E £ 


3 

X) 

3 

C 


o 
a 

*3 - .2 

ZM 2 

U w C3 
(D — Oh 
u. "TV O 
3 2f ^ 

* o 2 
E x ^ 
m 5 

la 


a 

3 


c x 
o a 


X 

a 

a _ 

3 ca 


*"* O ft) ^ 


y 


3 


y 


y 


C 

3 

i_ 

3 


a 

o 


o 

PL 


c 

3 
X 

a 

_ o 

X 3 
>> O w 

X y O 


w c/5 

3 3 

C 3 

I S' 

X to 
C Oi) 

a 

1 & 

£ 5 

-2 H 

X 3 

•a t 

t -8 


3 

x 

a 

c/5 C3 

■g 8 

O 

« £ 

x a. 

c •£ 

2 "O 

£ » 

L— < M 

Jt: x ■ 

^ ’O u c 
oo X £ 
OC X — > 

ON - O 

- £ >2 c 

- ” « = 

w a c 3 

£ ’g :s 

>* a E 
"? E 3 g 

3f 3 w £ 

3 y u- C 

’> ^ ° P 

3 77 a 

a c 
oc. u u " 

« S’ 


S -a 

o 

a. a 
- o 


C/5 




C3 

L- 

3 


3 

E 

3 

x 

a 

a 

3 

04) 

c 

rt 

E 

u 

£ 

JL> 

23 

3 

C/5 

3 

E 


c 

3 '5 


3 ^ 


x o c 

- £ P 

a on ~ 

c/5’ _ C? 

- 5 X 


U y 

0- £ 

73 J5 

3 O 


>. £ 
— ^ 

-£ o 

a c 

3 3 

* -o 

r- >- 

X cd 
O X 

x £ 


C/3 


X 

3 
C x 
o ^ 


04) 

C3 

73 

OJ 

c 

'E 

c 

'E 

E 


73 

C 

CS 


X X* 


<D 

O 

c 

2 

cL 

<u 

o 

o 

cd 


2 
' c 

X 

3 

C/5 

X 

X 

3 

3 

X 

3 

3 

Uh 

X 

3 

5/5 

3 

X 


3 

V5 

cd 

3 

y5 

cd 

1 

> 

C 

3 

3 

C^- 

u. 

O 

2 

X 

X 

"> 

04) 

X 

E 


3 

y5 

cd 

X 

0 

Cl 

3 

X 

— 1 

3 

O 

a 


3 

a 


E 

3 

p 

3 


yf 

X 

LT’ 

1— 

X 

>< 

cd 

3 

X 

3 

3 

£ 

X 

X 

3 

3 

04) 


*cd 

0 

X 

cd 

> 

L_ 

a 

*£ 

0 

E 

3 

cd 

u 

a 

c 

E 

a 

a 

3 

1 - 

> 

a 

3 

C/5 

C4j 

3 

E 

0 

u 

3 

3 


C X 
cd a/ 


C !/5 

HJ 73 


l_ C/3 «- 


u p- CAJ CA 

a g 

2 a u c 

C ■ — c/3 flj 

. C/5 •— 


b dj 

X 

rfs O 


hat 

g' 

; 

a 

a 

x a 

a 

0 * 

0 "3 

5 

3 

5^ XJ 

X 

>» 

7 E 

3 

3 


cd 

QJ 

c 

c 

o 

c 

<3 

X 


QJ 


X OI i- 1 - JZ 


73 

0> 


CJ X -3 w 

- (U n X T 


c ^ p •“ 7i 

<L> Dij 


£ 

o 


<3 

I— 

° a 55 
* 3 


cd 

u 

t) „ 

x 5 

§ a 

X U 
3 CJ 

O * 

5 § 


^ Cl, 

^ g- H 

■ — i cd c 

X (4- *- 


C/5’ 


cd 


<u 

III 

rs OJ <U 

c 

o 


•■7 0> 

X v- 
O £0 

&. ^3 
a. c 

cd (3 
3 £ 

«3 a 


3 o 

3 C/5 

3 


2. w 
E o 
c ££ 

O On 

C 3 

O r- 
X 


c 

c I 

c » 
2 <u 

C 3 
^ '« 

E 

o -= 


X 3 

c^: "c/5 

3 § 

•g | 

c cd 


y5 

a 

3 

y 

>> 

C/5 


3 

0 

La 

0 


3 

j— 


a 

a. 


O 

y 

a 

lC 

a 

»— 

0 

c 

.2 

3 

E 

y 

a 

3 

04) 

La 


y 

3 

a 

3 

3 

”3 

3 


X 

a 

CL 

3 

X 

a 

3 

X 

3 

3 

0 

y 

X 

C4J 


3 X X 73 


^ c 5. 


H ^ c E - 


^ ’>< — 
~ 4/ 


A £ §■ c 




cd 

3 3 0 

« ^ O^ 

C4j 


c ^ 
o . 

3 *x3 
Oj 3 
U X 


cd 


b E 


c t. 
£ o 

3 CX 
td oo 

3 5a 
E id 


X X 
c H 
o 

w C 
3 _Q 
O co 

CJ c/5 

s i 

.S o 


O 3 

u H 

cd 3 

G4 cd 

X c 

73 3 

3 "5 


■8 f-| 

£ X CQ 

Q C/5 . 

^ C^J ^ 

X cd — « 

^ b 
X X « 

-{ y5 Vj 

*x x . E 

.2 <U 5/2 

U r 1/ 

3 X =3 

3 2^- 

b £ X 

y ° 3 

2 5 ^ 


o 

X 


X 

c 

cd 

c 

cd 

t: 

o 

Cu 

E 


o 

3 

or 

3 

cd 

u 


c — 1-7 

C fli — - 


3 

X 

o 

s 

c 

o 


c 

X 

3 

c 

< 


0/j X 
C 3 

o x 
h 


O C 

E ]£ 

3 x, 
X x 

w 3 

3 o 
E 

r- 
Wj K 

E x. 


o ^ 

— L- 

c 2 

C/5 3 

« g 

x £3- 

^ E 

D_ P 

s- y 

u « 
3 O 
cd w 

— x 

1/5 C 
Cd cd 

5 o 

X oc 

ON 

K c 

3 C 

6 £ 
C ^ 
| § 


n x 

C X 

a ^ 

X E 
x a 
’5 x 

“T 3 

K £ 


3 c 
X 

H C 


E >> 

cd 

X X 

■ 5 . S2 

cd 


OC 5 . 

ON g 

G 

a w ■ 

04) 3 

3 a 

UL 

X 3 

§ | 

| g*_ 


>. 

X 

X 

3 

3 

a 

x 


a 

CQ 

X 

c 

cd 

c 

c 

X 


> H 
o ri 


£ 8 
C 3 
§ •= 


3 

X 

H 


S Cl 

““ >. 

.15 

a 3 


u T3 

b a 

x 3 

CJ 

w 3 

3 c 
X L- 
w cd 

E o 

■ c/5 

° § 

■U = 


i 4= 
•> # 
o 


3 3 

C X 


C 5/5 3 

- — X 

__ S' 

2 CC % 


3 


| u g £ c 


x 

1 — 

jd 

’3 


3 X 
2 ^ 
5 /: a 

c c 


3 

a c 

C/5 cd 

3 X 
3 x 

— . — , i_ w 

3-5-5 U 

E- x X cd x 

3 r\ — 1 — 


s ~- 2 ‘i 5 . 


C 

a 

3 ^ 

X cc 

3 

(/5 5A 

a a 

S ^ 

04/ X 

« c 

3 3 

x a 
X 3" 
— cd 


CL •- 


cl — a 


a 3 
3 • — 

C/5 3 

or x 


cd 

— e2 


3 . 
3 

CL 


CL C * 
3 


x a 

O' 

3 : 
01) 


.2 E 

a 3 


04) 

a 


3 5^ 

x 


CL X 
a 



X 

a 

u. 

*E 

1 

3 

a 

X 

3 

X 

O’ 

3 

Id 

04) 

a 

3 

3 

3 

L. 


"cd 

3 

X 

3 

3 

La 

3 

E 

a 

X 

0 

£ 

a 

y 

3 

a 

3 

E 

3 

X 

a 

1 — 

E 

X 

3 

a 

a 

3 

3 

X 

y 

y 

3 

X 

a 

a 

a 

a 

X 

3 

a 

3 

a 

y 

3 

0 

a 


a _3 

id 


E S 2 

< 


2 op h 
a LE 3 

3 3 ^ 

£ 3 X 

— C/5 ™ 


3 

E 3 

^ 3 

04) 3 
C ^ 


E 

3 

x 

3 

3 

X 


x 3 

.2 c 

X 3 
Cd 04j 

3 £ 


a 

x 3 


& jj 

3 w 


a 

OO C/5 

x e 


a s 


& 3 - 

C 3 3 

3 0^-5 


a. 




'd- 

O 



i-i 


■ c>> 

_ §.gf 

5 ^ .£ 3 3 05 g 


N 


?ll s 

.X* o a 
■“ 3 


x 

o 

CL 


X 

cd 


cd 


3 « 

a a 


cd — 
CL 2 


X 

o 


X 

p 


CL ■“ 

.)= x: 'p 

X aj £ 

cd O 
a c -a 
x O cd 
"Z, 3 


C 73 


CL 

E 


^ . -a 


X 

3 X Cd 

3 X. 3 


OC 

ON 


cd 

3 


> £ 

^ CO i 

04) O 

’ V5 


o 

w c 

cd ^ 


o ^3 
O Id 
3 


3 73 .a 

X IE x 

X % « 

J- ^ — -r- 70 P 

I I ■« 1 g | 
■>-• = « i '^1 


c el a 4 

o o § 


c A 


<* 5/1 « H 

04) 3 > 

C X 3 

n « 5^. 

800 

<2 Cl jy 


£ x 

<J5 1 — 


L. 

a 

G 


-£ 
04) 3 
O 3 

CL 


3 

< 

O 

y 

Ha 

3 

"a ^ 
a y 


a 

3 

a c 

L. 

>% 

£ 

ac 

O 

X ^ 


■ 


Cl 

CL 

cd 

X 

3 

V 

X 

* C/5 

a 

O 


cd 

£ c 

17 y: 


C/5 

3 

I ? 

3 cd 

o 1 ^ 
a p c/5 

x a 

X .i: x 
X 3 u- 
' 3 X 

LT x 3 


3 £ 

o 

a- E 

3 cd 

3 C/5 

X 3 

a -X 

o 

04) 3 

a 3 
;P E 
£ 3 

a y. 
, 3 


3 ^ >> 


X 

•c 

E 

£ 


^ b 3 3 x 

3 y — : c n 


cd 3 
3 X 


3 
3 
CL 
OO ■ 


01) ^ X 
cd x 

- >. £ ¥ ^ 

E ^ H -g 

O 


— a 

a 
c 

N 

'5 c 

g. « 

cd a ^ , 

X. OJ) G* 

-g |-| 
a rd 3 

a x > 


-j: cd 

X' ^N 3 

3 X u. 


3 


5 £ X o 


*y 

y 

a 

c 

y 

O 

X 

3 

■ — 

E 

3 

3 

G 

04) 

a 


X 

a 

C 

3 

> 


&4j 

X 


y 

a 

U- 


‘3 

X 

y 

3 

a 

1 — 

3 

t— 

a 

i— 

a 

*a 

X 


3 

> 


3 


3 3 

3 | 


*rz 3 

x t 


C -Li 3 




- a ^ 

1-G3 

^3 “ rr jez 

2 5 £ 


cd c X x 


x 3 o cd a 




1016 RONALD G. PRINN CHEMISTRY OF GASEOUS CIRCUMSTELLAR DISKS 1017 


* A 


3 

X 


o 

X 

X 


e s X •- 


Cl, ~ 

X 
G 
03 

oo 
r- 
X 


c 

o 

u, 

qj 

E 

cS 

u 

X) 

x 

QJ 

S3 

c 

&u 

o 

o 

qj 

l- 

C 

QJ 

<L> 

X 

A 

03 

X 


C 

,2 c 

y 

u o 

3 .5 


SS.2 

S3 ^ 

S | 

.y o 

QJ CJ 

c -r 


o gS 
8 2 
E ° 

S 3 < 

c 

o 2 

c o 

c CL 
qj — 
X P3 
~ C 

qj O 

3 

> 

03 


C 

.2 
■j~ 
A 

y 

- u. 

X CL 

« £ 

- s 

y ^ 

Sf* Jo 
-2 >, 
cs £? 

r QJ 

* c 


L-j .52 

*2 <L> 

X E 

C/3 o 
3 ca 
O X 

y c 

3 * 

60 8 
QJ 03 
X CL 

C/5 

o 

c 


Qj A 

> y 


ft 4> 
.2 x 


U ^3 


c3 

G 

CS 

u, 

X 

c 



03 

.2 

OXj 

Ef> 

u 

QJ 

QJ 

X 

E 

CA 

u 

QJ 

C 

QJ 

C 

c 

QJ 

E 

QJ 

CP 

y 

3 

X 

c 

y 

Is 

QJ 

U 

s A 

2 

> 

X 

c 

QJ 

QJ 

X 

3 

cs 

QJ 

QJ 

C 


O >, 


X _c 


&Xj .'X 

h "3 

2 03 


i -e 


a/ X 

> S3 

*> QJ 

> X 

o ~ 


-a c 

•T CJ> 

X X 

o w 

CJ c /5 


S s a 

O' tu> 


s — ' 03 
G X 
G g 

*c ■ = 

Cl oj 

>.■£ 

X L— 

x ° 

QJ G 
N O 

2 C/5 

03 i— i 

E 
E 


x x 
os 
u 

<U 03 

p E 

O QJ 

C/5 — > 

w C 


<U 

c3 G 

E JJ 

OXj g 

c E 


.2 x 

I 1 

c 

X 

C 4 ) 03 
(J QJ 

C p 

4J S 


X 

4) 

i— 

y 

x 

*A 

c 

o 

qj 


X 

o 


y X 


cd 

X 


QJ 
> 
c 
3 O 

A U 


2 .x < -S 


X o 

-2 .5 

1 1 

0 X 
. qj 
X' > 
ft o 

1 ° 

3 un 


03 y *-* 


2 03 

X > — 1 


§ ° 
X Qj 

03 £ 

o. s 

'a LO 


« g 

X X 

x >? 

QJ .3 

t; x 

CJ x 
> 03 

§ I 


o 

c 
2 
X 
es 

l_ 

&*) 

qj 
u 
3 

es 

CD 

X 

_ E 

<d y 

w 

QJ 

-K X 

2 O 
CD CJ 

. 3 

U X 

-- o 

Cl u- 

2 o 

£ n 

03 03 

X CJ 

C/5 


O' T3 

2 ^ 
X 
c w 
c c 

c — 

fS 

CJ) o 


X y ^ 

l-i 2 c 

0^0 


. o c 
c 

^ X 


o .y 


2 J3 

c 3 

a) y 


x 

01 

X 

03 

U 

<u 

Ui 

C3 


O O 'u 
O CL 

u- 

X cs X 
qj G X 
c O w 


E 

3 

C X 

E Tt - 
| w 
H o 

o3 ON 

3 2 

CJ) 

c c 

03 C 

^ it 

x X 

X 

QJ X 

c/5 

QJ LC 

X X 

w QJ 

CJj x 


cd ■— no 

G > <L> 

w 03 4) 

ca Jo. CL 

c/5 oXj c /5 

QJ 

o3 


QJ 

X x 


QJ X 

X J5 

c/5 QJ 

§ 1 

U • — 

>.■£ 

X O 


CJ) c/5 'CT • — 


0 aj 
X X w 
_G X rL 

« 5 2 

1 S u 

ra ca v-i 

X C 33 


X 

03 

4J 

X 

CA 

C 

o 

U 

CJ 

X 

o 


G X 


£ y ^ 

L- O 

O X ^ 

2 x R 
£ 2! 
g r2 cs 

X > o 

O -c 
fe.-g 


X 

CL 

3 

o 


o X 

QJ CJj 
CL g 
2 

« Ja 


„ y c 
g- U .2 

9- y 3 


>> O' 

X QJ 



-J 

rl 

ac 

+ 


£j 

ce: 


-J 

I 

ac 

+ 


5 O 


< 1 •< 



e i 


II 

■£ QJ 

C/5 

OJ, CC3 

c w> 


03 </5 

x c 

Qj O 


3 = 

CA l_ 

X 
X •- 


8.-s-a 

• 8 -?=s 

r; B 

CL 2 


CJ 

2 c 
CL r3 


QJ 


= « 5 
~ S | 

£ iA 

*A ^ E 
qj y u 
Sj£‘S 


3 .5 

G C 

^ O 

o x 


&.1-4 


c S 5 o 

o .2 3 

*5x> x 

qj =5 

Lm (/] 


cs 

t: 

3 


G *5 

3 L— 

O' ° 
aj C 

x t 

X 


X 
«u 03 
X «- 
2 G/J 

o = 

X X 


3 

cr 

QJ 

03 

X 

Cc 

c 

E 

3 

X 

o 

G 

X 

P 

*— * 

£ 

* « 

x 

QJ 


>, 

G 

o 

CA 

X 

3 



o 




X 

A 

‘3 


( -L 

.2 

X 

QJ 

X 

c 

X 


X 

3 


3 

c 

E 

3 

5 

*5 

3 

3 

X 

QJ 

A 

03 

QJ 

X 

o 

CJ 

CA 

.2 

CA 

CA 

CS 

QJ 

QJ 

u 

C 

CJ 

u- 

*o 

QJ 

G 

u 

cE 

o 

QJ 

X 

rt 

CA 

x‘ 

X 

C 

QJ 

3 

X 

oc 

X 

£ 

X 

QJ 


3 

X 


C 


G QJ *X 


G 

O 

03 

. E, oj 

i r- 

U X 

33 c 

QJ "“ 
Cij or, 

' X 
2 
3 o 


-rich 

E 

3 

x 

U, 

a 

A 

1 

X 

CA l 

3 - 
X ' 

c 

QJ 

Oi) 

o 

u. 

X 

*3 

X 

QJ 

3 

Is 

> 

E 

o 

QJ 

o 

es 

u 

X , 
QJ l 
C 

X 

y 

E 


QJ 

X 

Is 

o 

JZ 

CJ 

c 

QJ 

3 . 
X 


03 


•5 QJ 

g s x •£ 

9 y 

CA 

C 

o 


^ 03 Q 

5 X 

A £ bjj 

* 3 E 


— ■$ 


CS 


c 

_o 

o WJ 


c 1 .2 

> .2 
O h 


Qj 

»— i < 

. . _o Olj 
wj r£ qj 
.£ G 1L 
X 

E 

QJ 


G G 
O C 
’So 

QJ *£ 

C 

C CA 

3 3 


c X 


QJ 


03 X 


O" ”2 

S 5 

X c 

*-* c 
‘C 

QJ Cu 


QJ X 
X CJ 
^ 03 

2 £ u 


? 

C 

QJ 

X 

H 


x 

CS 

u. 

X 

o 

c 

QJ 

3 

zr 


~ & 

o & 

03 

x 15 


CS D 

11 
o X 


i ^ 

’3 

cr ix 

y 

QJ OJJ 

3 £ 


o 

CJ 
QJ 


O 

c 


o 

X 

x 

oc 

QJ 

_3 

0 

— 

X 

O 

X 

T 


A 

X 


c 

cs 

X 

QJ 

X 

3 

A 

cr, 



CS 


CA 

c 

3 

A 

A 

w 

X 

X 

QJ 

A 

X 

QJ 

UJ 

X 

3 

o 

QJ 

CJ 

QJ 


QJ 

3 


Qc 

A 

E 

A 

A 


A 

X 

QC 

Or 


QJ 

2 
’ iZ 
CL i 

o 

u. 

Cl 

CL 

03 

QJ 

C 

o 


CJj QJ 

c c 

c y 

G oij 

ii QJ 
QJ X 

rn 

X o 


u X 


O G 

O 

u 


« >> p' 

•s £ s„ 

C c 0 > 
X <xC G 
QJ <U X 
X ^ QJ 

O 

— CJ O 
^ 3 — 

c X tfi 
? c 
•P > o 

Ms 

C CL u 

° E c 

y 9 .2 

P C/3 V5 


- o > 

c ft: c 

QJ — C 

c « ° 

O x QJ 


Cij 

c 

*C 

QJ 

o 


^J U 

^ ‘ u 2 

# i 


g 2 


s a 

2 QJ 


X 

QJ 

C 


QJ 

X x 


03 

X 

CL 


C 

o 


QJ X — 


QJ 

> 

C 

o 

CJ 

QJ 

X 


.2 « 
^ -g 

O 3 


03 J5 
3 -fiP 
X u. 
QJ c 

c .5 

u, la 

a c 

0 .2 

CA ^ 

1 -i 

2 ■§ 
U O 


T-J 03 IA 
3 *- 03 

M , a- «* 
h- la 

kT ^ O 

2 5 S 

3 CA QJ 

G X 
03 ^ o 

fc J E 
O-- o 
E g x 

QJ 

X o g 
CJ — ° 

c £ & 1 ) 

QJ o c 

± at 

^ r- qj 
QJ CJ "2 
X G CA 

M u c 

CA 3 O 

es o o 


- ’ od 

y 3 

03 QJ 

G cs 


.2 OJ) 

CA C 

03 X 

cs n 

o ^ 

tA CS 

C >r 

s « 

c x 

QJ 03 
CJ) > 

O 

v_ 

QJ 
QJ 
X 


X X 

E *2 


X 

E H 

o. 

9* ^ 

QJ O 


x C/j 

J ^ 

OJ) c 

c 

X G 
« ^ 
c 

X 


3 -G 
X TJ 
ca y 

c 2 
c 

3 
O 
CJ 


3 
O 
QJ 
X 

c „ 

cS 03 


y 


3 

o 

QJ CA 

c ■” 

QJ cA 
OJj X 

c £ 
E w 
o 2 
x x 

y XI 

X 

^ o 
c X 

03 3 

r- CS 

X CL 


E X 

y 

^ x 

*S QJ 
O x 

5 E 

L- 

O ~z 
y x 

CJ 

C 03 
03 t_ 

c c 
o ^ 

f*5 (A 

E S 

QJ 
X 

H 


03 


WJ -o 


.£ u 

CA X 
E QJ 


E 

cu 


JS 

QJ *3 

cj y 

C X 

Cj G 


x y 

U X 

3 y 
H £ 
x o 

8 a 


S v 

.2 S, 

CJ .3 

b e 


< 

ca 


QJ 



CHEMISTRY OF GASEOUS CIRCUMSTELLAR DISKS 1019 


XXS.±>>XCJC^O 
C vi •— 4 > 3 X ^ — 

'?'’ 0 ‘ / ’“ i ”=' 5 8 'g 

0 b T3 u ■" u c — 

~E J2 ^ U- ^ w 0J 5 ^ 

x o rt x m x «g o'? 

cetSR^is 

1 if ! s.ill = 

.5 ^ = c 3 52 X) .S M 

— x ^ E*2 o 

w C/: . jr ^ Cti ^ r? 

^ v< U f ^ A) tiM 5 

s i i ^ ^ -e 3 

E 5 ' 13 g .S ^ Jj 
t -OT3^“HE='° 


*3 ^ 4> i*£ 

-£ S 2 s If; 


^ « u E 

^ w / 

S o s -* 
*§ o .E 


X "3 ^ w ? £ 3 

s 5 "r O 

lScJJJcxP-’oHC 

.a s & •= .sf> « ■? j >> 

E rtr 3 x~o>£.-E 
ajg'ft ^ c 

o g ^ o « o x £ 

c .si C t? - <A - ^ « 

■s - S u c ;> 3 -- 

E 5 </; > w o X * s 3= 

« § 8 £ ~ '5 J g * 

^ g ^ ~ ^ *5 -E x 

?iPt- n rt*-:'— —cj 


3 ■§, B 

&■§ « 
« “ E 

- oj C 


i S E 


i> — ‘5 S 5 ""• 

° = c -5 .2 -o 

O 1 S *• o 2 

<u “ 8 3 > 2 

u- CJ ji X p -O 

° "° 5 O >* 

&> ~ ° § U - 

S c O 2 £ O 

B O ■:• C 4 , _ 

3 - ? 3 •€ .2 

S I a ^ J S 


S w o [ 
.2 X Os -- 

tA D sC " 

s ■§ » & 


5 g -s 

^ CJ tr 

£ O w 

u u 

o 

VI ^ 0 / 
oj x x 
x 3 — 

t * E 

£ E x 

^ X CJ 


^ o = 

-—v o ^3 

x. u, .o 


3 ^ X 

•S I S 

5 € g 

E x *c 

3 CJ Cl 

a -c .. 

'u P 5 

CJ oc 

S C 2 
a ° c , 

■ •- C c 

c .2 *c . 

C rt ft - 

3 c *g 
-o o 5 

"2 

c/i 3 or 

'•o g 
iil E j 

O 3 ^ 

^ 3 p 

C u. 3 

£ o> y 

, 3 s- fc 

■ .b E it: 

4 u oj — - 
) u 7 ^ 


Vi DO >> - 

E .E b 

3 W5 ^ • 

2 S g v 
8 .^ c ' 

pOrt 

, g 3 ^ 

, *- <L> 

g a £ ' 

x: rt ^ 
.£f>^ o ; 

' X 3 CL ' 


(9 U 
ftfi C 03 


C o> 
a) a 3 
-O o 

C _b 3 


C XJ c 
o V o 


rt X 

1I--I 

rt ^ 

-r >> rt 


<u u - 

C L- 

j 2 .2 

tij G 
3 eg ^ 


O _g P 
U 3 o 



«C, 

Os X 

CJ 

3 

L— < 

O 

cu 

3 

X 

Ob 

rt 

L/ 

.2 

c 

c 

TO 

X 


IE- rt 



X 

X 

p 

rt 

x 

• pi 

i/5 

disk 

1 a 

’ P X 

X 

0 

3 

c 

0 

rt 

>) 

3 

O 

O 

i 

CJ 

u 

Oi 

X 

X 

3 

’t/3 

rt 

3 

rt 

CJ 

3 

0- *3 
0 

t/5 

X 

rt 

T- 

CO 

X 

X 

t j 


E 


-o &- 

8 " c 

3 L» C 
12 rt ■ C 


8 c .S E 

t- ( rt w 5 

S £ -S a. 

P ^3 .?< *£ 


C t -*— •— •-; ij Ln 

rti rt r* i3 


• — u. </) — *-» 3 C- . J 

0> C3 a> -a o w IS 

-rt v- rt 3 *X • — ' '-3 

Sourt — u 3 -O 


U ^3 •‘O 

^3^0 

4/1 ^ ^ 
^ E x 

3 rt 

2 | Jg 

X CL .5 


O -o ^ 

a ^*1 

rt ^ ^ 
g 3 rt 
O X ^ 
-O Oli o 

rt — jz 
^ -o .3 
«L> 3 ^ 

— rt w 

3 ^ 3 

J 2 a> <u 

O U T3 

-E c c 
o -S P 


18 1! 

» s' |‘ 

g 2 Z ■ 

s j= '* 

SIS' 

L> o -3 

o O 3 

£ n 

o ^ QJ 
> X T3 - 

s - g 

« g s 

£ J ■£ 

ca 3 
rt rt o 

: £ -S ^ 

: § £ 0 .- 

! c O = 

.3 rj rt 

i ^ X u ■ 
: -^ X 

t/^ ^ U-» 

' ^ 7 3, 


s -e l 

* rt rt 

«D o ^ 


C/5 1) ^ 

c/5 C5 O • 
3 rt 

■5 .3 -c 


— rt 3 
3-0 

s!^ 

CJ ^ 0 

-C ^ £ 

Wi g 3 

0 — 

g s g 

E §- &. 

c^ a> E 

L— *” <D 

>£ 3 V 

1 .£ ? 


tc 3 rt 
X ^ *5 

31/ 3 c 

*E P O 


c 

c 

/ 

CJ 

)- 

c 

0 

CJ 

X 


C/5 

^3 

C 



Cu 

CJ 

u. 

H 

rt 

O 

0 


U5 

r- 



CJ 

C 

G 

C/5 

0 

X 

H 

P 

3 

— 

r ) 

Z 

c 

CJ 

CJ 

O 

3 

DC 

O' 


X 

Jj 

X 

'H. 


Ob 

C3 


X 


O 

9 

3 

n 

T1 

>> 


^ ^ w 

O *> "a 
U 0 2 

w — 1 <D 

C/5 3 

3 — 

Z a -2 


rt x r- 
r ) S c 



> 

> X 

23 

C 



00 

0 

. — 

(/) 

X 

X 

CJ 

3 

3 

O 

C/5 

5 

a: 

O 

X 

0 

CJ 

X ^ 

u ^ 

-3 

3 

c 

rt 

3 

■5 

3 

O 

0 

*rt 
_ 3 

CJ 

X 

r*~i 

1 

O 

> 

O 

3 0 

"O w- 
rt - 

ul 

X 

CT 4 

CJ 

>D 

CJ 

II 

3 

L— 

1 

u 

2 % 

u 

X 


c 

F-. 

O 

3 

OJ 

O 

rj 

X 

10 

CJ 

0 

1 £ 

X 

E 

X 

CJ 

rt 

P 

C/5 

X 

<— 

X 

c 


3 

P 

£ • 

X 

1 


3 isj 
CL Pi 
£ ^ 33 
•- ^ o 
o 1 x 

(A "T ♦-* 


OJ 3 

- — rt ^ 

t* 


r- o - 
00 0 - 

. I 

13 oc 2 


■| ° - M 

X ^ T 3 

O _o rr 
u- l> 3 a 
p ■— .3 o 

0 - 33 X X 
rt <d CJ CJ 
oj oj <d cj 
_ n Cl Cl Cl 

P TT fin 


OU T3 
CJ 3 CJ 

£ S S 

5 £ £ 


y Qt I Cp 

"if 

O 


I £ 1 

cj r 2 3 

-3 w £ 
3Xo 

a § s 

rv rt rt tA 

J X 

CJ x 3 
0^2 
3 v- X 
cj u c: 
^ £ u 


S > ^ 

‘LI 

O ^ O 
CJ ^ 

■O A 7 


1 "8 § 3 2 « 
Ss| 8 B •§ 
■ 8. & B s E 0 

E .i o g* « “ 


(T9 

X 

rt 

u 

VJ 

3 

z 

X 

3 

LJ 

u 

CJ 

rt 

O 

Cl 

G 

*3 

Cl u. 

A 

rt 

rp 

0 

-2 

3 

CJ 

js 0 

CJ Cr 

A 

O 

U 

& 1 ) 

CJ 

X 

3 K 

fl) \ 1 

rj 


i£ 


(Sj 

9 CJ 3 
3 > u 

Sag 
E ra 8 
O « o 

a -9 x 
•° E o 


o x v° 

g 'E I 
2 Ji ® 
E rE 1 

O W5 rt 
r* rt 
^ CJ 3 
X ^ c 


iiiiirtirr 


^ *c c E 4 

O rt CJ ^ 
3 "3 CJ ^ ’ 

0 X 0 
X Si rt >=- 
rt C x on 

g _S “ Jd 
£ ggS 

,£ j= c 2 


= . s a, h 

£ 2 E 2 £ 

c 3 ‘-6 £ 

^ -8 -i 3 § 

w rt 0 — 3 


, 0—3 

X "rt rt 
rt rt £ 


w) E a 
•| € O 

lay. 


8 a <"* 

CL x X 


R * & 8 -s “ 2 

s-/ t/5 . — -3.3 


X 

ob 

C\) 

X 

2 

’ C/5 ^ 

C/5 

X 

"ob 

X 

c/5 

0 

_>> ’ 


CJ 

t/5 

(J 

CJ 

rt 

c 

X 

3 

O 

> - 

3 

X 

r, ) 

C/5 


u> 

u 

rt 


O 5/5 *3 C 

^ o rt .- 


3 

rt 

00 

X 

C/5 

CJ ' 

u. 

X 

OC 


CJ 

— 

X 

3 

X 


• — ' 

rt 


CJ 

Cl) 

>> 

CJ 

CJ 

Cl 

rt 

CJ 

"ob 

9 

X 

X 

CJ 

tu 

CJ 

rt 

X 

3 

X 

X 

C/5 

3 

rt 

3 

rt 

u 

3 

O 

3 

3 

CJ 




3 

O 

rt 

c 

*C 

X 

CJ 

Cl 

Cl 

X 


«— 

f-5 

E 

CJ 

CJ 

CJ 

C/5 

3 

rt 

X 

CA 

3 

X 

X 

3 

C/5 

<s> 

X 

rt 

X 

Q. 

Wj 

ix 


X Q cj 

E -a 1 

4J C3 — 


2 • K tr. — o 

■ S T3 rt U p OC 

i §-•§ «2 
5 8.2 1 f 5 

C E — Cl rt .3 
G ■ C o l 

>* u s, n - & - 

§ 2 g ■§ 

w. c ^ 'E 2 ^ 

- '3 £ 3 5 •- 

' -. E 3-0 g' ? 

j-c o - u a P 

^ o u. cj —i 

j "5 3 rt 5 c> ^ 

2 E ^ $ 

■3 53 1 .2 

■ CJ 3 rt CC rt *-* 


OJ) 

y 

CJ 

3 

X 

0 

C 

u 

b 

J 

u 

CL 

CJ 

x 

CJ 

X 

i/1 

CJ 

3 


p 

X 

r- 


c 

3 

X 


rt 

X 




rt . E ^ 

^ 3 rt ^ 

« cj - 3 

.1 e- g .2 

,S » £ § 

x • - CJ 

r-.ij L-> 

"rt CJ c 

u x 3 
X ^ CJ .3 

| ii to « 

_C rt -33 >- 


CJ C CL 

rt ^ E 

u- Cj . 3 

X X </5 


3 x x S e 
O .2 U- « 
> r /: C y 

o ■§ O ^ O 

T3 * a- § c 

9 3 >> x 0 

rt'- = rtX 
x cj r3 *— rt 

J 3 •§ 

y 2 S ^ 

-o o 5 E = 

cj cl r* 3 E 

cj c 3 ^ 2 5 

u 3 x x £ 

g a 2 <u 

° O X cj 

2? ^ OJ o .S 

.£ ir, £ P E 

rt 53 cj 

Sb C 
P o P o 

g •£ § O y- 


<U rt 3 

I i ^ 


— b -o y; 

1 ! !l 

-T X X 3 P 
lt. — 3 X rt 

rtL-CJOw 
■ X O CL 3 rt 



n ydrogen in the terrestrial planets was accretion of material rich in organic 
compounds (e.g., of the type produced from CO by Fischer-Tropsch reactions) 
thermochemical equilibrium sources like carbon dissolved in Fe-Ni alloy 


TABLE II ' 

Condensation Sequences Predicted in the Circumsolar Gas-Dust Disk and CircumJovian Planet Gas/Dust Disk ' 7 



Circumsolar Disk 

CircumJovian Planet disk 

CO-Rich 

CO + Hydrocarbons 

CH 4 -Rich 

Largely anhydrous rock' 

Largely anhydrous rock ( 
lnvolatile carbonaceous 
compounds ’* 1 ■ ^ ) 

Largely hydrous rock^ 

FLO (150 K) 

H 2 0 

H.O (235 K) 

NH 4 HCO.,/NH 4 COONH 2 ( 

150, NH 4 HCO. 1 /NH 4 COONH 2 '’ 

NH_ V H 2 0 (160 K) 

130 K Y 

Light hydrocarbons and 

CH 4 - 6 H 1 O (94 K) 


hydrocarbon clath rates* 

CH 4 (40 K) 

C0 2 (70 K Y 

C0 2 r 

CO (20 K ) e 

C0-6H 2 0 (60 K) a 

co 6 h 2 o'' 

N 2 (20 K Y 

N 2 -6H 2 0 (55 K) h 

N 2 ■ 6H 2 0 /i 


CO (20 K) 

CO (20 K) 


N 2 (20 K) 

N 2 (20 K) 



<J Prinn and Fegley 1989. 

h Condensation temperatures in models (Lewis and Prinn 1980; Prinn and Fegley 1981) are given for each condensate where available. For the 
circumsolar disk the CO-plus-hydrocarbons sequence is preferred with the condensation temperatures being slightly below those in the CO-rich 
case (the precise temperatures will depend on the degree of CO to hydrocarbons conversion). 

' Olivine, pyroxene, troilite, unoxidized Fe, feldspar, etc. 
d Serpentine, talc, magnetite, troilite, tremolite, etc. 
e These compounds contain < 10~ 2 of the total C or N. 

f Exemplified by organic material in chondrites, and formed by nebular Fischer-Tropsch-type reactions and/or of interstellar origin. 
^Exemplified by the Ugh* fPi-Q) hydroaufooos Jfonped as Initial products in highlja^Gp ejfjyiro nro c m s (see Prinn and Fegley J9S9). 
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